Abstract. At present, it is generally believed that crystal size has no direct influence on strain rate in the ice sheets and that the fraction of strain rate enhancement there which is not ascribable to c axis fabric is due to impurity content. Here we challenge this view because it is not consistent with recent results from analyses of deformation at Meserve Glacier and instead ascribe residual enhancement in the ice sheets to variations in crystal size. We resurrect the idea that variations of crystal size can be an important part of the total shear enhancement in the ice sheets, though agree with Paterson tha• this effect is generally dominated by variations of crystal fabric. We propose that the enhanced shear strain rate of ice age ice in southern Greenland, as inferred from tilt of the Dye 3 borehole, can be explained as a result of combined fabric variations and crystal size variations, with these two ice properties accounting for roughly 70% and 30% of the average enhancement, respectively. Permitting a grain size dependence of ice viscosity also resolves the quandary concerning closure and tilt of the Agassiz Ice Cap borehole.
Introduction

General Comments
Analyses of strain rate variations within the basal layers of Meserve Glacier, Antarctica, strongly suggest that the viscosity of subfreezing polycrystalline ice can depend directly on crystal size, at stress, temperature and grain size values important for glaciologic problems [Cuffey eta!., We do not suggest that results from Meserve Glacier are "universal" because (1) deformation mechanisms will be a function of stress, temperature, and possibly chemistry, and (2) a broad range of empirical re!ations was found to be statistically consistent with measurements beneath Meserve. Second, this paper focuses on two example problems from the Northern Hemisphere ice 27, 889 sheets. These are the tilt of the Dye 3 borehole and deformation of the Agassiz borehole, and were chosen because they are the best characterized in terms of both strain rates and ice properties (the Dye 3 borehole being the best).
Definition of Enhancement and Residual
Enhancement
In glacial problems a given component of strain rate •ij is most often described in terms of the corresponding deviatoric stress component •'ij and the second invariant of deviatoric stress r, as [Paterson, 1994] 
Hypothesis
Using Meserve Glacier Results
To explore implications of (2) we will assume that for stress and temperature conditions comparable to those at the Meserve Glacier study site ( 
where the C are average ion concentrations in the Meserve ices (Table 1) While this argument is almost certainly correct regarding the decrease of E contrast over rime, it seems unlikely that the initial contrast of 2.3 can be explained this way. The impure ices had not yet attained tertiary creep in the first year [Fisher and Koerner, 1986] .
Therefore it is difficult to envision that the impure ices started the year stiffer to closure than the pure ices and made enough progress toward tertiary creep to be softer than the pure ice by a factor of 2.3, which is by coincidence nearly identical to the E contrast with respect 
